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Adopting standards for data and metadata collection is necessary for success of data rescue and preser-
vation initiatives. Physical sample data and metadata rescue and preservation can be particularly chal-
lenging in that much of the available information may not be readily digitized or machine-readable.
Making the legacy data rescue and preservation process as simple as possible through the development
of template workﬂows can enable wider adoption of standards by personnel. Template workﬂows also
simplify training of additional personnel to assist in the registration process.
 2015 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Around the world organizations are highlighting the need to
increase accessibility to research data. For example, the U.S. Ofﬁce
of Science and Technology (OSTP) released a memo in early 2013,
calling for public access for publications and data resulting from fed-
erally sponsored research grants [1]. With new data collection, pub-
lic discovery and access is easier to accomplish. Legacy data
provides a larger challenge – in fact, as Nelson points out, nothing
exists in any useful way until it is identiﬁed [2]. This identiﬁcation
process – creating a discoverable record – can be especially chal-
lenging for legacy data in the form of physical objects.
The Geological Survey of Alabama (GSA) has been aware of its
data preservation challenges for many years [3] and has, in fact,
been involved in several formal data rescue and preservation pro-
jects. For example, the GSA has been an active participant in the
National Geological and Geophysical Data Preservation Program
(NGGDPP) since 2007. Section 351 of the Energy Policy Act of
2005 [4] established the NGGDPP in the U.S. Geological Survey
(USGS) and outlined the following goals:
 Archive geological, geophysical, and engineering data, maps,
well logs, and samples.
 Provide a national catalog of archived materials.
 Provide technical and ﬁnancial assistance to State geological
surveys and relevant Department of the Interior (DOI) bureaus
for archived materials.At this time, the NGGDPP activities are limited to State geologi-
cal surveys that elect to participate. Through the GSA’s involve-
ment with the NGGDPP, over 36,000 metadata records have been
uploaded to the NGGDPP National Catalog (e.g., [5–8]). Those
records include metadata for fossils (capturing information for
over 100,000 individual specimens), geologic maps, oil and gas
well cores, geologic cuttings, thin sections, and other physical sam-
ples. The GSA continues its efforts with the NGGDPP.
Another project that focused on data rescue and preservation in
which the GSA has participated is the National Geothermal Data
System (NGDS). The NGDS was created by a consortium of federal,
state, and academic institutions under the auspices of the
Department of Energy to foster the growth of geothermal in the
nation’s energy portfolio (e.g., [9,10]). By creating a national, sus-
tainable, distributed, and interoperable network of data providers,
the NGDS has made large quantities of geothermal-relevant geo-
science data available to the public. The GSA’s contributions to
the NGDS, as well as contributions from other state geological sur-
veys, were coordinated by the Arizona Geological Survey (AZGS)
for the Association of American State Geologists and funded
through the Department of Energy (DOE). GSA’s work focused on
the vast amounts of at-risk, legacy, geothermal-relevant data and
publications housed at the GSA and State Oil and Gas Board of
Alabama (OGB) (e.g., [11–13]). The data exchange mechanism for
the NGDS is built on the U.S. Geosciences Information Network
(USGIN) protocols and standards and reﬁned through iterative pro-
cesses (e.g. Fig. 1, [14]). The objective of the USGIN project is to
develop standardized services to make data resources of the state
and federal geological surveys accessible online in a distributed
network using a few standards and protocols, and to work with
data providers to implement these services (e.g., [10,15,16]). The
Fig. 1. Content models for data delivery to the NGDS were reﬁned with feedback from the content providers and from data users and creators. A portion from the revision log
of one content model is shown here to demonstrate the types of changes to the content models that took place. This iterative revision cycle led to robust, well-tested, and
trusted content models. Modiﬁed from [12].
2 D.J. Hills / GeoResJ 6 (2015) 1–8network is open to all providers and users, and content model
templates are available for download.
Building on these previous efforts, the GSA is developing work-
ﬂows to ensure continued access and usability of legacy data. Here,
we describe the process involved in developing a workﬂow to
ensure long-lasting data preservation associated with petrological
thin sections and their associated photomicrographs. The goal,
ultimately, was to develop a template workﬂow to apply to other
physical sample collections at the GSA and OGB.Well
(NGDS)
PARENT
Core
(SESAR)
CHILD
Well Logs
(NGDS)
CHILD
Other Data
(NGDS/SESAR, ?)
CHILD
Core
(SESAR
PAREN
Section or Part 
(SESAR)
CHILD
Other Samp
(SESAR, 
CHILD
Fig. 2. Parent–child relationships are the key to underst1.1. Background
Since its founding in 1848, the GSA has been collecting and pre-
serving data and physical objects such as rock samples, drill cores,
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Much of the physical sample collection structure at the GSA and
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D.J. Hills / GeoResJ 6 (2015) 1–8 3wells in the state provide the GSA with a share of any well samples
collected, as well as copies of any geophysical well logs or other
testing undertaken. The OGB stores and maintains the geophysical
well logs and other documentation, while the GSA stores
and maintains the cores and cuttings in its core and sample
warehouse [3]. The parent object in the collection is typically the
permitted oil and gas well, with all other information tied back
to the well.
A large amount of other data at the GSA not directly related to
oil and gas development, yet still associated with a permitted well,
has been held or maintained by individual researchers. Access to
these data requires prior knowledge of the researcher(s) and/or
the associated projects to query to availability of these data.
Other challenges arise due to researchers’ individual record-
keeping methodology, e.g., use a unique notation system, failure
to record information that others may need to understand theyes
no
Original
Provider
Review
Locate
Metadata
Determine
Canonical
File(s)
Start
Missing
Metadata?
Generate
SESAR
Template
yes
Populate
Template
Validated?
Revise
Metadata
Map to
USGIN
yes
Approved?
Revise
Metadata
yes
no
no
no
In other 
file(s)?
P
Metadata Rescu
Fig. 3. Workﬂow template for rescuing legacy metadata awork. If the researcher or project team is no longer available, the
data and objects may lose value. Often, then, it becomes difﬁcult
or impossible to regain the information necessary to make that
data useful to another researcher. If we do not becomemore proac-
tive in our efforts, we risk massive loss of fundamental geoscience
data. For example, Cocker discusses the dangers of institutional
memory loss associated with the termination of the Georgia
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stand and use those data may be missing, making the data useless
for anyone outside the immediate research team.’’
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standardizing and documenting the metadata associated with the
collections. For example, over the years that the GSA has been
collecting data, we have amassed hundreds of petrological thinRevise
Entries
yes
no
CompleteSubmit toSESAR
Receive
IGSN
Validated?
yes yes
Enter
null value
no
no
From
originator?
Other 
source?
Processreparation Decision
Symbol Key
e Workflow
ssociated with physical samples at the GSA and OGB.
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effort to help alleviate this metadata capture challenge, GSA per-
sonnel elected to use a subset of this collection to build a best-
practices workﬂow that can be used to capture the necessary
metadata to ensure preservation of legacy and future datasets.
The subset of the collection consisted of 27 thin sections and 112Fig. 4. Well header metadata gathered for the NGDS project (upper) could be matched to
highlighted). The parent HeaderURI becomes the ParentSpecimenURI (blue boxes), the AP
child locations (red boxes). URI – unique record identiﬁer. (For interpretation of the refe
article.)
Fig. 5. The SpecimenURI (after registration with SESAR, the IGSN) of the core (upper) bec
of the other ﬁelds of the USGIN content model are also shown.photomicrographs, all from a single oil and gas well. The basic
process was envisioned as: (1) capture or locate the necessary
metadata; (2) standardize the metadata records, using USGIN
protocols; and (3) register samples to enable wider discovery. As
we worked on these records, however, we realized that this pro-
cess was more complicated than we originally envisioned (Fig. 3).child items (lower) based on the OGB permit number (GSAPER:624, in this instance,
INo maps to SamplingFeatureURI (green boxes), and the parent locations map to the
rences to color in this ﬁgure legend, the reader is referred to the web version of this
omes the ParentURI of the thin section made from sampling that core (lower). Some
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The ﬁrst step in our process was at ﬁrst look an easy one –
gather the relevant records about the thin sections and photomi-
crographs. However, when the researcher was approached, he
realized he had multiple versions of the spreadsheets he had been
using. Even though the ﬁles had time and date stamps, information
in the newer ﬁles was not always the most accurate. Some infor-
mation captured in an older ﬁle was not present in the newer ﬁles,
although it was not obsolete. It became obvious that multiple ﬁles
had been developed and modiﬁed concurrently. This resulted in
many hours spent sifting through the ﬁles line by line to compare
the information recorded, and then to verify as best as possible the
most accurate information.
We next examined the information contained within those
spreadsheets to pull out the relevant metadata. This led to the dis-
covery of several idiosyncrasies in the recordkeeping, such as
inconsistent or unclear use of abbreviations as well as notations
such as ‘‘same as previous’’ which could prove misleading if
records were re-sorted, otherwise moved, or even deleted.
Additionally, multiple categories of information (e.g., lithology,
sedimentary structures) were recorded within a single cell.
Recording of methodology was also inconsistent to non-existent,
although as the original researcher was available, much of this
information could be reconstructed from his other notes.
Semi-automated workﬂows were developed to aid in this
‘‘translation’’ process. Abbreviations were replaced with full text
or standardized. Information grouped together was split into
individual categories. Metadata that were gathered from the
NGDS project (e.g., related to well header) could be matched with
child items (e.g., Figs. 5 and 6).
Once the original researcher reviewed the updated metadata to
help reduce mistranslation and other errors, we mapped the avail-
able metadata to an existing USGIN content model for Physical
Samples (v.0.8, available for download at http://schemas.usgin.
org). This content model is based on consideration of content
requested for other schemas and services, such as the System for
Earth Sample Registration (SESAR), Geoscience Markup Language
(GeoSciML), and others. Although this content model is still under
review, USGIN provides a content model validation tool (available
at http://schemas.usgin.org/validate/cm) to verify appropriate data
formatting and content. Any corrections highlighted by theFig. 6. USGIN content model ﬁelds populated through the GSA workﬂow. Fields shown
measurements are indicated by the template to be in meters, while data at the GSA andvalidator were made prior to the ﬁnal step, registration of the
samples.
The USGIN Physical Samples content model includes the infor-
mation necessary for SESAR registration (e.g., Figs. 5 and 6). SESAR
operates the registry that distributes the International GeoSample
Number (IGSN) [19]. The IGSN is a 9-digit alphanumeric code that
is assigned to specimens and related sampling features such as drill
holes or wells to ensure their unique identiﬁcation and unambigu-
ous referencing of data generated by the study of samples [20,21].
SESAR catalogs and preserves sample metadata proﬁles and then
provides access to the sample catalog via search. Users register
through GeoPass (http://geopass.iedadata.org/josso/).
SESAR allows for batch registration of samples, a clear need for
the GSA when we are ultimately looking at hundreds of thousands
of potential registrations. Through SESAR’s web interface (http://
app.geosamples.org/), a batch ﬁle template can be generated
(Fig. 7). Once the necessary information is entered into the spread-
sheet template (Fig. 8), a simple process of copying from the USGIN
content model, the samples can be registered by uploading the
template. SESAR will then respond with the IGSNs of the samples
once they are registered. We found one issue with both the
USGIN content model and the SESAR registration to be the inﬂexi-
bility of measurement units. The USGIN content model and the
SESAR template both require depths and elevations to be in meters.
However, the GSA and OGB record measurements such as these in
feet, following the current U.S. petroleum industry standard. In
personal communications with both USGIN and SESAR, this is an
issue that will soon be addressed.
A unique record identiﬁer (URI) is used to relate information
fromone item to another. To enable relational searching of informa-
tion, it was necessary to register the parent material (the core) for
the thin sections. As thewell header information is already available
through theNGDS, at this timewedecided not to register all the per-
mitted oil and gas wells for an IGSN, as they do not all have physical
samples related to them. Instead, we chose to use the NGDS
registration as the value for the column HeaderURI (Fig. 4). Once
the parent core was registered, it was possible to register the thin
sections, using the core’s IGSN as the ParentURI (e.g., Fig. 5). The
same process is used for relating photomicrographs to the parent
thin section. For this test program,weultimately registered 15 cores
from four different well bores, and 27 thin sections with 112
associated photomicrographs from one of those cores.are some of those required for SESAR registration. Note that elevation and depth
OGB follow energy industry standards of feet.
Fig. 7. Screenshot of the SESAR web interface used to generate templates for batch sample registration.
Fig. 8. Populated SESAR batch registration template.
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Fig. 10. Demonstration of what changes with each version using a distributed
version control system such as Git. Solid lines, along with incrementing, indicate
change of information between versions, while the dashed lines indicate the packet
remained the same as the previous version (modiﬁed from Figs. 1–5 from [22]).
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From this demonstration dataset, we developed and docu-
mented a workﬂow template (Fig. 4) as we worked through the
data rescue and registration process. The workﬂow begins with
the location of the metadata and the determination of the canoni-
cal ﬁles. As mentioned previously, this proved a challenge in our
case. To address lack of clarity of what ﬁle should be preeminent,
we suggest the use of version control. Version control is a system
that records changes to a ﬁle or set of ﬁles over time so that you
can recall speciﬁc versions later (e.g., [22–24]). An example of a
version control system is Git, developed by Linus Torvalds for
Linux kernel development. Git is a distributed version control sys-
tem (Fig. 9) that organizes data like a set of snapshots of a mini ﬁle
system – every time a project is committed (save the state of the
project) in Git, the state of all the ﬁles is saved. If the ﬁle is
unchanged, a new copy is not generated, just a link to the previous
identical ﬁle (Fig. 10, [22]).
Once the canonical ﬁles are identiﬁed, the metadata should be
assessed for missing information. If there are missing metadata,
every effort should be made to locate or recreate the metadata as
accurately as possible (Fig. 3). The next key step, if possible, would
be to have the original data provider review the updated metadata
for accuracy. This is an important quality control step and should
not be skipped if at all possible. We have found that the review
takes very little time, yet improves the accuracy of the metadata
greatly.
Once the metadata has been populated and reviewed, it is a
simple process to map the information in the USGIN content mod-
els and validate (Fig. 3). After generating a SESAR batch template
for IGSN registration, it is a matter of copying the information from
the USGIN content model to the SESAR template. Formatting, par-
ticularly of date ﬁelds, was the only issue encountered at this step
of the process. After submission for registration, receipt of the IGSN
numbers of the samples was prompt (Fig. 3).
Development of this original template workﬂow took place over
approximately 6 months time. It involved signiﬁcant time and
effort on the original researcher and on the workﬂow developer,
and resulted in a total of 154 records registered through SESAR.Fig. 9. Simple diagram of a distributed version control system such as Git (modiﬁed
from Figs. 1–3 from [22]).By documenting the workﬂow and automating as many tasks as
possible by using a subset of data as a test, we will be able to reg-
ister additional samples much more quickly. This workﬂow is now
in use by a part-time student employee, with periodic checks by
the original researcher, to register the remaining thin sections
and photomicrographs. Within the next 6 months, we expect to
register an additional 3000 records to SESAR – an approximate
20-fold increase in efﬁciency.4. Conclusions
Adopting standards for data and metadata collection is neces-
sary for success of data rescue and preservation initiatives.
Internal policies should reﬂect the need to adhere to available stan-
dards. Even if the standard is not perfect, most standards have a
mechanism in place for user input and ultimate revision to best
suit the needs of users. Physical sample data and metadata rescue
and preservation can be particularly challenging in that much of
the available information may not be readily digitized or
machine-readable. Involving the originating researcher when pos-
sible assists in quality control and accuracy of information.
The GSA has developed a workﬂow to make the process of data
rescue easier for those involved (Fig. 3). This workﬂow was devel-
oped as an iterative process, and presented in its currently imple-
mented form. Much of the more tedious work can now be semi-
automated or done by student assistants, with the original
researcher involved as quality control, easing the burden for all
involved. By making the legacy data rescue and preservation pro-
cess as easy as possible through the development of template
workﬂows, such as that presented here, personnel are more likely
to adopt and adhere to standards. Template workﬂows also sim-
plify training of additional personnel to assist in the registration
process. Ultimately this increases data and metadata exposure
and interoperability. The GSA is actively using this workﬂow to res-
cue and make available additional physical sample metadata. We
encourage other agencies to use the presented template workﬂow,
adapting it for their needs and then sharing their workﬂows to
make it easier for others to rescue data.Acknowledgements
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